Tyrosinase catalyzes the oxidation of tyrosine and certain diphenolic intermediate products to quinines, which polymerize to give rise to melanin. 1) Tyrosinase inhibitors are used in depigmentation drugs and whitening cosmetics, 2, 3) whereas compounds that increase melanogenesis may protect human skin from ultraviolet irradiation damage.
Flavonoids and hydroxycinnamates, major constituents of the human diet, are powerful electron-donating anti-oxidants, the catechol moiety being one of the main structural features responsible for their antioxidant activities. 7, 8) Several flavonoids, stilbenes and related 4-substituted resorcinols, were tested for their inhibitory activity against tyrosinase to clarify the structure-activity relationship. 9) The present study was under-taken to search for tyrosinase inhibitors in the peel of Citrus fruit. It has been used not only in traditional Chinese medicines but also as a skin whitening and skin-moisturized agent in Japanese folk medicines. Citrus fruit contains several biologically active components, e.g., limonoids and their glycosides, glyceroglycolipids, alkaloids such as synephrine, and several flavonoids in a large amount. Thus, the components of the peel of Citrus fruit are expected to provide valuable material to prevent skin pigmentation.
MATERIALS AND METHODS

Chemicals and General Materials
Mushroom tyrosinase, l-dopa, was purchase from Nakalai Tesque (Kyoto), and kojic acid from Tokyo Kasei Co. (Tokyo). Silica gels (Wakogel C-200) were purchased from Wako Chemical, Inc., Ltd. (Kyoto). Plant materials were purchased from Uchida Wakanyaku Co. (Niigata, from China).
General Procedures Melting point was determined on a Yanagimoto micromelting point apparatus and is uncorrected. A Perkin Elmer 1600 series FTIR spectrophotometer was used for the measurement of IR spectrum. Mass spectrum (MS) was taken on a JEOL DX-303 mass spectrometer. Proton nuclear magnetic resonance (NMR) spectrum was recorded with JEOL EX-270 spectrometer, and chemical shifts are given in d (ppm) with tetramethylsilane as an internal standard (s: singlet, d: doublet, dd: double doublet).
Extraction and Isolation The peel of Citrus fruit (3.5 kg) was extracted twice with methanol (8 l) at room temperature. Removal of solvent in vacuo gave 952.2 g of methanol extract. The extract was dissolved in water and distributed three times between chloroform (1 l), giving a chloroform extract (31.6 g). The water-soluble residue was partitioned three times between ethyl acetate (1 l) and H 2 O (1 l). After removal of the solvent in vacuo, the ethyl acetate extract (27.3 g) was column chromatographed on silica gel (Wakogel C-200) using n-hexane and n-hexane-acetone, giving colorless needles, mp 139-140.5°C, yielded about 65 mg. This compound was identified as 3Ј,4Ј,5,6,7,8-hexamethoxyflavone (nobiletin) based on the spectral data compared with those in the literature.
10)
Enzymatic Assay of Tyrosinase This assay was performed according to the procedure of Mason et al. 11) with slight modifications. Tyrosinase activity using l-dopa as the substrate was assayed spectrophotometrically. The assay medium, consisting of 0.1 ml of mushroom tyrosinase solution (625 U/ml), 0.9 ml of 1/15 M phosphate buffered saline (PBS) buffer solution (2.0 mM), 1.0 ml of sample solution containing 5 mM dimethyl sulfoxide (DMSO), was mixed and pre-incubated at 25°C for 10 min. Then, a reaction was carried out adding 0.03% l-dopa solution. A control reaction (A) was conducted without the test sample, and a blank reaction (B) was used for non-active heated mushroom tyroshinase. The absorbance was measured at 475 nm after incubation, giving the sample value as C. The percentage of inhibition of tyrosinase was calculated as follows: tyrosinase inhibition (%)ϭ(AϪC)/(AϪB)ϫ100, where the absorbance value for 5 min incubation was determined. Kojic acid was used as the positive control.
RESULTS AND DISCUSSION
Melanin production-inhibiting agents such as ascorbic acid, kojic acid and arbutin also inhibited the mushroom tyrosinase activity in vitro, because tyrosinase is the rate-limiting enzyme in melanin synthesis. The peel of Citrus fruit is widely used in traditional Chinese medicines and is used as a skin whitening and skin-moisturizing agent in Japanese folk medicines. We examined the tyrosinase inhibitor isolated from the peel of Citrus fruit by activity-guided fractionation.
The methanol extract of the peels of Citrus fruit exhibited concentration-dependent inhibition of mushroom tyrosinase, giving an IC 50 value of 2427.0 mg/ml ( Table 1 ). The methanol extract was partitioned by solubility to a different solvent, giving chloroform, ethyl acetate, n-butanol and water extracts, as described in Chart 1, and only the ethyl acetate extract showed a strong inhibition of the tyrosinase activity concentration-dependently, giving an IC 50 value of 96.0 mg/ml (Table 1) . In order to identify the active agents responsible for the activity displayed in the ethyl acetate extract, it was fractionated by column chromatography over silica gel to isolate the active constituent, identified as 3Ј,4Ј,5,6,7,8-hexamethoxyflavone, nobiletin (Chart 1).
Nobiletin showed a concentration-dependent reduction in tyrosinase activity using l-dopa as the substrate, and was more potent than kojic acid, with an IC 50 value of 46.2 and 77.4 mM, respectively (Table 1) . Therefore, nobiletin exhibited more potency compared with kojic acid, by approximately two-fold. Nobiletin is a polymethoxyflavonoid occurring exclusively in Citrus fruits, 10) and has been reported to induce the differentiation of mice myeloid leukemia cells, 12) to exhibit antiproliferative activity toward a human squamous cell carcinoma cell line, 13) to exert anti-mutagenic activity, 14) and to suppress the induction of matrix metalloproteinase-9 and prostaglandin E 2 release. 15) In addition, nobiletin inhibits the combined endotoxin and cytokine-induced expression of nitric oxide synthesis and cyclooxygenase-2 proteins, and suppresses the formation of tumor promoter-induced edema 16) and papilloma 17) in mice. Nobiletin also inhibits the p-glycoprotein mediated efflux of [ 3 H]-vincristine into adriamicinresistant human myelogenenous leukemia cells, resulting in the intracellular accumulation of chemotherapeutic drugs. These results suggest that it might become candidates as a multi-drug resistance reversing agent. It seems interesting that nobiletin could be used to treat skin inflammation and tumor promotion, and furthermore inhibit melanin production. In this study, nobiletin was identified as a new inhibitor of mushroom tyrosinase. This is a first report of the anti-tyrosinase activity of the peel of Citrus fruit. The importance of nobiletin in depigmenting agents at the cellular level will be elucidated in a future study, which may suggest the peel of Citrus fruit could be a new source in the field of hyperpigmentation, with potential as a skin-whitening cosmetic material.
